Ascorbate-mediated LHCII protein phosphorylation--LHCII kinase regulation in light and in darkness.
A freeze-thaw cycle of isolated thylakoids in darkness in the presence of ascorbate was employed as a novel experimental system to activate the light-harvesting complex (LHC) II kinase. Under these conditions ascorbate reduces Q(A), the primary quinone electron acceptor of photosystem (PS) II, and the subsequent reduction of plastoquinone and the cytochrome (cyt) b(6)f complex results in the activation of the LHCII kinase. Using this activation system, several facets of regulation of LHCII protein phosphorylation were unravelled. (i) Myxothiazol inhibited the activation of LHCII protein phosphorylation, thus being a potent inhibitor of electron flow not only in cyt bc complexes but in darkness also in cyt b(6)f complexes. (ii) Oxygen, the only electron acceptor in darkness, was required for LHCII kinase activation demonstrating that after a full reduction of the cyt b(6)f complex, an additional plastoquinol oxidation cycle in the quinol oxidation (Qo) site is required for LHCII kinase activation. (iii) In the absence of electron flow, when the intersystem electron carriers are reduced, the activated LHCII kinase has a half-life of 40 min, whereas the fully activated LHCII kinase becomes deactivated in a time scale of seconds upon oxidation of the cyt b(6)f complex, indicating that the kinase constantly reads the redox poise of the cyt b(6)f complex. (iv) The LHCII kinase is more tightly bound to the thylakoid membrane than the PS II core protein kinase(s). It is concluded that oxidation of plastoquinol at the Qo site of the reduced cyt b(6)f complex is required for LHCII kinase activation, while rapid reoccupation of the Qo site with plastoquinol is crucial for sustenance of the active state of the LHCII kinase.